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Massachusetts Surface Water Quality Standards
(314 CMR 4.00) ςOverview

ÅThe foundation of surface water quality 
programs in the Commonwealth under 
the federal Clean Water Act

ÅProvide the scientific and legal basis for 
controlling the discharge of pollutants 
into surface waters

ÅDefine water quality goals for 
waterbodies and establish water quality 
criteria to enhance, maintain, and 
protect designated uses



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) ςWater Quality Criteria

ÅExamples of water quality criteria include aquatic life criteria that 
protect aquatic life from specific pollutants

ÅAquatic life criteria typically contain three components:
ÅMagnitude (concentration)

ÅDuration (averaging period for concentration)

ÅFrequency (allowable exceedances of average concentration)

ÅUsually include:
ÅAn acute criterion (for short-term, lethal exposures)

ÅA chronic criterion (for long-term, sub-lethal exposures)

ÅDifferent criteria for fresh and saltwater



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) ςSite-Dependent Criteria

ÅSite-specific criteria vs. Site-dependent criteria

ÅSite-specific criteria: listed in Table 28 and apply to a particular surface 
water or segment
ÅBased on a modification of generally applicable criteria (such as class-based criteria) 

that reflect local conditions

ÅImplementation of new or revised site-specific criteria requires Table 28 revisions

ÅSite-dependent criteria: equation- and model-based criteria with inputs 
and outputs (criteria values) that will be different at each site
ÅImplementation of site-dependent criteria does not require Table 28 revisions

ÅExample: aluminum



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) ςNarrative Toxic Pollutant Standard

Å314 CMR 4.05(5)(e):

All surface waters shall be free from pollutants in concentrations or 
combinations that are toxic to humans, aquatic life or wildlife.



Aluminum: Toxicity to Aquatic Life

ÅProduces harmful effects on fish and 
wildlife

ÅAccumulates on the gills of fish, and 
mussels are sensitive

ÅAcute toxicity can be noticeable 
(e.g., fish kills)

ÅChronic toxicity reduces growth and 
reproduction

Healthy gills (left), Al-impacted (right) of 
Atlantic Salmon
Source: The Northeast Fisheries Science Center 
www.nefsc.noaa.gov/salmon/factsheets/sss_factsheet.pdf

Yellow Lampmussel

Dwarf Wedgemussel

http://www.nefsc.noaa.gov/salmon/factsheets/sss_factsheet.pdf


9t!Ωǎ tǊŜǾƛƻǳǎ !ǉǳŀǘƛŎ [ƛŦŜ !ƳōƛŜƴǘ ²ŀǘŜǊ vǳŀƭƛǘȅ 
Criteria for Aluminum in Freshwater (1988)

ÅFixedaluminum criteria values:
ÅAcute = 750 µg/L

ÅChronic = 87 µg/L

ÅCriteria reflect scientific knowledge in 1988
ÅApplicable only to a narrow pH range (6.5 to 9.0)

ÅExcludes other influential factors (DOC and hardness)

ÅToxicity studies: 1972 ς1986

ÅDid not account for freshwater mussel sensitivity to aluminum



9t!Ωǎ /ǳǊǊŜƴǘ !ǉǳŀǘƛŎ [ƛŦŜ !ƳōƛŜƴǘ ²ŀǘŜǊ vǳŀƭƛǘȅ 
Criteria for Aluminum in Freshwater (2018)

ÅVariablealuminum criteria values that are dependent on water chemistry

ÅCriteria reflect the latest scientific knowledge:
ÅAluminum toxicity to aquatic life increases as its bioavailability increases

ÅpH, DOC, and hardness all affect aluminum bioavailability and toxicity

ÅUpdated toxicity studies: 1972 ς2018

ÅAccounts for freshwater mussel sensitivity to aluminum

ÅEquation-based criteria using Multiple Linear Regression (MLR) models:
ÅUses concurrent pH, DOC, and hardness data to derive criteria



Massachusetts Surface Water Quality Standards
(314 CMR 4.00) ςAquatic Life Ambient Water Quality 
Criteria for Aluminum in Freshwater 

ÅwŜŎŜƴǘ ŀƳŜƴŘƳŜƴǘǎ ǘƻ омп /aw пΦлл ŀŘƻǇǘ 9t!Ωǎ нлму ŀƭǳƳƛƴǳƳ ŎǊƛǘŜǊƛŀ

ÅEPA approval is pending

ÅThe amendments allow for two approaches:

1) 9t!Ωǎ нлму !ǉǳŀǘƛŎ [ƛŦŜ !ƳōƛŜƴǘ ²ŀǘŜǊ vǳŀƭƛǘȅ /ǊƛǘŜǊƛŀ ŦƻǊ !ƭǳƳƛƴǳƳ όa[wύ

ÅSite-dependent aluminum criteria values: variable aluminum criteria based on available 
water chemistry data (pH, DOC, and hardness)

2) Default aluminum criteria values 

ÅDefault criteria for watersheds and watershed groups:based on existing statewide 
water chemistry data (pH, TOC/DOC, and hardness)

ÅSite-dependent criteria values supersede watershed default criteria, regardless 
of whether they are more stringent or less stringent than the watershed default 
criteria
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Å A Scientific Investigations Report (SIR)

Armstrong, D.S., Savoie, J.G., DeSimone, L.A., Laabs. K.A., and Carey, R.O., 2022, 
Surface-water-quality data to support implementation of revised freshwater 
aluminum water-quality criteria in Massachusetts, 2018ς19: 
U.S. Geological Survey Scientific Investigations Report 2021-5144, 85 p.,
https://doi.org/10.3133/sir20215144

Å And two data releases:

USGS ALUMINUM STUDY - REPORTS

(TOC-DOC Data Release: DeSimone and Armstrong, 2022)

Armstrong, D.S., DeSimone, L.A., and Savoie, J.G., 2022, Surface-water-quality 
data and time-series plots to support implementation of site-dependent 
aluminum criteria in Massachusetts, 2018ς19: 
U.S. Geological Survey Data Release, https://doi.org/10.5066/P95WCT5T

DeSimone, L.A., and Armstrong, D.S., 2022, Total and dissolved organic carbon 
for an assessment of aluminum in Massachusetts surface waters: 
U.S. Geological Survey Data Release, https://doi.org/10.5066/P9420WXU

The study has 3 products:

(Armstrong and others, 2022)

(Aluminum Data Release: Armstrong, DeSimone, and Savoie, 2022)

(Armstrong and others, 2022) 

https://doi.org/10.3133/sir20215144
https://doi.org/10.5066/P95WCT5T
https://doi.org/10.5066/P9420WXU


(1) Collect discrete water-quality data  
(38 stations)

(2)  Demonstrate the use of the EPA Aluminum Criteria Calculator
(at ambient upstream stations and selected pond stations)

(3)  Collect continuous water-quality data 
(11 stations - 1 per facility)

(4)  Develop a relation between TOC and DOC in Massachusetts streams
(using historic data from sites in Massachusetts)

STUDY OBJECTIVES



STUDY AREA

ÅWater-quality data were collected at 
38 stations near 4 wastewater-
treatment facilities (WWTFs) and 
7 water-treatment facilities (WTFs) 
in central and eastern Massachusetts

(Armstrong and others, 2022)



PARTICIPATING FACILITIES AND RECEIVING WATER BODIES

(Armstrong and others, 2022)



Assabet River Assabet River

RECEIVING WATER BODIES
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